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Select or generate calibration sample 
of complete mode choice data from 
region of interest (household survey, 
stated preference data, etc.)
Estimate MNL on calibration sample to 
obtain priors: marginal rates of 
substitution, parameter values, 
correlations, means, etc. 
Calibrate BI-MNL model using priors
Impute unobserved attribute values 
for entire sample of travelers 
Small sample of network skim 
data used for calibration
Compare imputed 
attribute values to 
complete network skim 
database to assess BI-MNL 
Performance 
Quantify performance of BI-MNL
Use completed choice dataset to 
assess policy scenarios and options
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Variable Name Minimum Maximum Mean Std. Deviation 
Age of the household member 16.000 99.000 41.220 12.879 
Number of vehicles in household 0.000 7.000 1.895 0.938 
Number of bicycles in household 0.000 8.000 1.119 1.393 
Household Size 1.000 8.000 2.823 1.442 
Number of workers in household 1.000 5.000 1.793 0.744 
SOV travel time (min.) 2.509 99.420 18.946 10.378 
HOV travel time (min.) 2.509 98.810 18.118 9.468 
Transit travel time (min.) 1.500 155.700 33.295 22.713 
Non-motorized travel time (min.) 0.821 176.905 25.564 34.636 
Commute distance (miles) 0.110 81.780 10.617 8.358 
 
Descriptive Statistics of 517 Working Household Members from 
Maricopa Regional Household Travel Survey
CRICOS No. 00213J
a university for the worldreal R Australian French Symposium on 
Transportation Research
Faculty of Built Environment and Engineering
Queensland University of Technology
 
Variable Description 
Parameter 
Estimate 
Standard 
Error 
Alternative specific constant for SOV 0.4431 0.7916 
Alternative specific constant for HOV -1.5040 1.1240 
Alternative specific constant for Transit -0.0476 1.5840 
Number of vehicles in household, specific to SOV 2.1872 0.4120 
Number of vehicles in household, specific to HOV 1.0770 0.4650 
SOV travel time (minutes) -0.0778 0.0409 
HOV travel time (minutes) -0.0855 0.0530 
Transit travel time (minutes) -0.1340 0.0590 
Number of workers in household, specific to HOV 0.9100 0.3180 
Number of workers in household, specific to Transit 1.0590 0.4780 
Caucasian ethnicity (indicator), specific to HOV -0.8760 0.4850 
Low income status (indicator), specific to Transit 1.1200 0.6680 
Commute distance, specific to non-motorized -0.2120 0.0890 
Number of bikes in household, specific to non-motorized 0.4540 0.2290 
*SOV travel time/HOV travel time 0.909 |0.909|/20 
*Transit travel time/non-motorized commute distance 0.632 |0.632|/20 
*Number of vehicles (HOV)/number of workers (Transit) 1.010 |1.010|/20 
*Number of bikes (NM)/number of workers (HOV) 0.498 |0.498|/20 
*ASC SOV/ASC Transit -9.036 |-9.036|/20 
 
Model Results for 517 Household Member Calibration Sample
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     Min     Max   µc       s.d. 
0.823 177.278 20.645 35.668 
2.635 59.920 15.870 9.531 
3.214 38.150 17.653 10.482 
14.344 37.000 23.319 6.035 
0.130 28.010 3.262 5.636 
0.255 53.280 10.620 7.786 
0.405 29.590 10.800 9.708 
0.540 50.480 13.028 12.516 
Non-motorized commute distance 
SOV commute distance 
HOV commute distance 
Transit commute distance 
Non-motorized travel time 
SOV travel time 
HOV travel time 
Transit travel time 
 
     Min     Max   µnc      s.d. 
1.614 337.215 67.810 51.244 
2.612 55.890 18.840 12.209 
2.612 56.110 17.715 9.053 
11.900 118.000 29.418 9.571 
0.255 53.280 10.714 8.097 
0.130 50.480 8.570 10.039 
0.130 53.280 10.313 8.064 
0.130 53.280 10.248 7.965 
Non-motorized commute distance 
SOV commute distance 
HOV commute distance 
Transit commute distance 
Non-motorized travel time 
SOV travel time 
HOV travel time 
Transit travel time 
Descriptive Statistics of Chosen and Non-Chosen Modes
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   µc    µnc 
20.645 67.810 
15.870 18.840 
17.653 17.715 
23.319 29.418 
3.262 10.714 
10.620 8.570 
10.800 10.313 
13.028 10.248 
0.955 
    phi=µnc/µc 
Non-motorized travel time 3.285 
1.262 
Non-motorized commute distance 3.284 
1.187 
HOV travel time 1.004 
Transit commute distance 0.787 
SOV commute distance 0.807 
HOV commute distance 
Variable Name 
SOV travel time 
Transit travel time 
Ratio priors (phi) used to inform BI-MNL
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Travel Time vs. Commute Distance in Calibration Sample
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respondent id alternative choice 
mean imputed  
time 
mean imputed  
distance 
skim 
 time 
skim 
 distance 
11 1 0 48.66 7.689 70 11.06 
11 2 1 20.13 11.06 20.13 11.06 
11 3 0 20.99 11.71 18.06 11.06 
11 4 0 31.98 8.76 51.6 11.06 
12 1 0 27.99 4.42 52.53 8.3 
12 2 1 15.56 8.3 15.56 8.3 
12 3 0 11.82 5.59 15.56 8.3 
12 4 0 33.33 13.06 50.4 8.3 
13 1 0 63.63 10.05 56.32 8.9 
13 2 1 17.52 8.9 17.52 8.9 
13 3 0 27.18 18.07 17.52 8.9 
13 4 0 22.03 4.49 50.05 8.9 
 
Snapshot of Skim and Imputed Time and Distance Values
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Mean 
35.935 
11.433 
Mean 
32.953 
10.454 
Variable 
Average travel time (mins) 
Average distance (miles) 
Average travel time and distance for imputed data 
Variable 
Average travel time (mins) 
Average distance (miles) 
Average travel time and distance for skim data 
Average Predicted travel time and distance for imputed data
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Average and absolute difference of predicted time and distance
Average difference in travel time and distance for imputed and skim datasets* 
Variable Mean  
Average time difference (mins) 2.9816  
Average distance difference (miles) 0.9883  
Average absolute difference in travel time and distance for imputed and skim datasets* 
Variable Mean  
Average absolute time difference (mins) 16.0772  
Average absolute distance difference (miles) 5.5476  
  *imputed times and distances vary within zones; skim times and distances do not 
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Average predicted probabilities of choosing 
alternative for imputed and skim datasets
 
Alternative 
A 
Average Probability of 
Selection: Validation Data 
B 
Average Probability of 
Selection: Imputed Data 
Average Difference in 
Probabilities 
A - B 
SOV 0.8560 0.8596 -0.0003 
HOV 0.0650 0.0648 0.0002 
Transit 0.0531 0.0532 -0.0001 
Non-motorized 0.0220 0.0224 -0.0004 
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MNL Estimation results for skim and imputed datasets
            Parameter Estimates for Skim Dataset Parameter Estimates for Imputed Dataset 
Variable Name Variable Coefficient Std.Error b/Std.Error P[|Z|>z] Coefficient Std.Error b/Std.Error P[|Z|>z] 
SOV Specific Variables 
Alternative specific constant  CONS1 0.654 0.448 1.457 0.1450 -0.277 0.554 -0.5 0.6160 
Travel time B1 -0.022 0.02 -1.074 0.2820 -0.012 0.012 -1.036 0.3000 
Number of vehicles in household  B2 2.16 0.225 9.58 0.0000 2.15 0.222 9.716 0.0000 
HOV Specific Variables 
Alternative specific constant  CONS2 -0.475 0.61 -0.78 0.4350 -0.853 0.673 -1.267 0.2051 
Travel time B3 -0.028 0.027 -1.04 0.2980 -0.051 0.017 -2.963 0.0030 
Number of workers in household  B4 0.901 0.191 4.714 0.0000 0.94 0.193 4.863 0.0000 
Number of vehicles in household  B5 0.799 0.254 3.143 0.0017 0.764 0.249 3.064 0.0022 
Ethnicity being white B6 -1.068 0.266 -4.017 0.0001 -1.048 0.266 -3.929 0.0001 
Transit Specific Variables 
Alternative specific constant  CONS3 -0.822 0.8 -1.018 0.3080 -0.769 0.837 -0.919 0.3581 
Travel time B7 -0.052 0.024 -2.156 0.0311 -0.081 0.021 -3.825 0.0001 
Number of workers in household  B8 1.428 0.21 6.77 0.0000 1.413 0.021 6.659 0.0000 
Households in low income category B9 0.813 0.335 2.421 0.0155 0.79 0.34 2.319 0.0204 
Non-motorized Specific Variables 
Non-motorized commute distance B10 -0.083 0.045 -1.841 0.0656 -0.153 0.047 -3.263 0.0011 
Number of bikes in an household  B11 0.412 0.124 3.319 0.0009 0.367 0.126 2.9 0.0037 
       Goodness of Fit Statistics Goodness of Fit Statistics 
      Number of Observations 1070 Number of Observations 1070 
      Skipped Observations 0 Skipped Observations 0 
      Log Likelihood function -468.86 Log Likelihood function -453.56 
      ρ-square 0.683 ρ-square 0.694 
      Adjusted ρ-square 0.682 Adjusted ρ-square 0.692 
      ρ-square constants only 0.215 ρ-square constants only 0.241 
      Adjusted ρ-square constants only 0.212 Adjusted ρ-square constants only 0.238 
      Chi-square 258.12 Chi-square 288.73 
       Prob[chi-square>value] 0.000 Prob[chi-square>value] 0.000 
